The present work is an attempt to make use of several auxiliary variables on both occasions for improving the precision of estimates for the current population mean in two-occasion successive sampling. A generalized exponential-cum-regression type estimator of the current population mean is proposed and its optimum replacement strategy has been discussed. Empirical studies are carried out to show the dominance of the proposed estimation procedure over the sample mean estimator and natural successive sampling estimator. Empirical results have been interpreted and suitable recommendations are put forward to survey practitioners.
Introduction
There are many problems of practical interest in different fields of the applied and environmental sciences where the various characters of interest have tendencies to change over time. It is often required to monitor the behaviors of such characters at different points of time (occasions) and the patterns of variations occurring over the period of time. For example, an investigator or owner involved in the cold drinks industry may be interested (a) to know the average or total sale of cold drinks in the different seasons, (b) to know the pattern of change in average or total sale of cold drinks in two different seasons, or (c) they may be simultaneously interested to know both (a) and (b). These kinds of problems are well answered by the tools of successive (rotation) sampling.
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The theory of successive (rotation) sampling was initiated by Jessen (1942) , where the idea of using the available information gathered on previous occasions during the past surveys was suggested. Jessen (1942) used past information in order to make current estimates more precise in agronomical surveys. This idea was further explored by Patterson (1950) , Rao and Graham (1964) , Gupta (1979) , Das (1982) , and Chaturvedi and Tripathi (1983) , among others. Sen (1971) extended this theory by utilizing the information on two auxiliary variables, which was available on previous occasions, and suggested estimators of current the population mean in two-occasion successive sampling. Sen (1972; 1973) generalized his idea for several auxiliary variables. V. K. Singh, Singh, and Shukla (1991) and G. N. Singh and Singh (2001) used the auxiliary information from the current occasion for estimating the current population mean in two-occasion successive sampling. G. N. Singh (2003) extended this work for h-occasion successive sampling.
In many situations, information on an auxiliary variable may be readily available on the first as well as on the second occasion. For instance, to study the problems related to the public health and welfare of a state or a country, several factors that can be treated as auxiliary variables, such as the number of beds, doctors, and supporting staff in different hospitals, the amount of funds available for medicine, etc. may be known well in advance. Likewise, in other cases, there may be information available on several auxiliary variables and, if efficiently utilized, the estimates could be made more precise.
Utilizing the auxiliary information on both occasions, Feng and Zou (1997) , Biradar and Singh (2001) , G. N. Singh (2005) , G. N. Singh and Priyanka (2006; 2007; 2008; , G. N. Singh and Karna (2009) , H. P. Singh and Vishwakarma (2009 ), G. N. Singh and Prasad (2010 ), G. N. Singh, Karna, and Prasad (2011 , H. P. Singh, Tailor, Singh, and Kim (2011), G. N. Singh and Prasad (2013) , and G. N. Singh and Homa (2013) proposed varieties of estimators of the population mean on the current (second) occasions in two-occasion successive sampling.
Motivated with these arguments, the objective of the present work is to propose a more precise estimator of the population mean on the current occasion using the information on p (p ≥ 2) stable auxiliary variables which are readily available on both occasions. Utilizing the information on p auxiliary variables, a generalized exponential-cum-regression type estimator of the current population mean in two-occasion successive sampling has been proposed. The dominance of the proposed estimator has been shown over the sample mean and natural successive sampling estimators. Empirical studies have been carried out to justify the proposition of estimator. Results are interpreted, and suitable recommendations have been made.
Formulation of Estimator
Let U = (U 1 , U 2 ,…, U N ) be a finite population of N units which has been sampled over two occasions, and let the character under study be denoted by x (y) on the first (second) occasion. It is assumed that the information on p stable (non-negative integer constant) auxiliary variables z j (j = 1, 2,…, p), whose population means are known and closely related to x and y, are available on the first (second) occasion. Let a simple random sample (without replacement) of size n be drawn on the first occasion. A random subsample of size m = nλ is retained (matched) for its use on the second occasion, while a fresh simple random sample (without replacement) of size u = (n -m) = nμ is drawn on the second occasion from the entire population so that the sample size on the second occasion is also n. Here λ and μ (λ + μ = 1) are the fractions of the matched and fresh samples, respectively, on the current (second) occasion. The values of λ or μ would be chosen optimally.
The following notations have been considered for use below:
The population mean of the study variable x (y) on the first (second) occasion.
Z̅ j : Population mean of the j th (j = 1, 2,…, p) auxiliary variable.
The sample means of the respective variables based on the sample sizes shown in the subscript. To estimate the population mean Y̅ on the current (second) occasion, two independent estimators are suggested. One is a generalized exponential type estimator based on a sample of size u (= nµ) drawn afresh on the second occasion and given by
The second estimator is a generalized exponential-cum-regression type estimator based on the sample of size m (= nλ) common to both the occasions and is defined as 
where φ (0 ≤ φ ≤ 1) is an unknown constant (scalar) to be determined under certain criterion.
Remark 1:
The estimator T u is suitable for estimating the population mean on the current occasion, while the estimator T m is more appropriate for estimating change over two occasions. These two estimators may be derived from the estimator T by choosing φ as 1 or 0, respectively. To handle both problems simultaneously, an optimum choice of φ is required.
Properties of the Proposed Estimator Bias and Mean Square Error
Because the estimators T u and T m are generalized exponential and generalized exponential-cum-regression type estimators, they are biased estimators of the population mean Y̅ . Therefore, the resulting estimator T is also a biased estimator of Y̅ . The bias B(.) and mean square error M(.) of the estimator T is derived under large sample assumption and up to the first order of approximations using the following transformations: 
such that E(e i ) = 0 and E(e hj ) = 0 ,|e i | ≤ 1 for i = 1, 2, 3, 4, 11, 12 and |e hj | ≤ 1 for h = 5, 6,…, 10, j = 1, 2, 3,…, p.
Under the above transformations, the estimators T u and T m take the following forms: 
Thus, there are the following theorems:
Theorem 1: The bias of the estimator T to the first order of approximations is obtained as
where   002 002 010 001 2 1 1 1 
for integers p, q, r ≥ 0 and j = 1, 2,…, p.
Proof:
The bias of the estimator T is given by
where B(
, proceed as follows:
Now, expanding the right hand side of (10) binomially and exponentially and taking expectations and retaining the terms up to the first order of approximations, we have the expression of the bias of the estimator T u as given in (7). Similarly, the bias of the estimator T m is written as 
Expanding (11) binomially and exponentially, taking expectations both sides, and retaining the terms up to the first order of approximations yields the expression of the bias of the estimator T m as shown in (8).
Theorem 2: The mean square error of the estimator T to the first degree of approximation is obtained as
where
Proof: The mean square error of the estimator T is given by
To derive the M(T u ), proceed as follows:
Now, expanding the right hand side of (17) binomially and exponentially and taking expectations and retaining the terms up to the first order of approximations, we have the expression of the mean square error of the estimator T u as given in (13 
Expanding (18) binomially and exponential, taking expectations both sides, and retaining the terms up to the first order of approximations, the expression is derived for the mean square error of the estimator T m as shown in (14). Similarly, the expectation of C(T u , T m ) may be derived in the form shown in (15).
Remark 2:
The above results are derived under the assumption that the coefficients of variation of variables x, y, z j , and z k are approximately equal. We have also considered the intuitive assumptions suggested by Cochran (1984) and Feng and Zou (1997) . In the light of these assumptions, the expression of M(T m ) takes the form as shown in (14).
Minimum Mean Square Errors of the Estimator T
Because the mean square error of the estimator T in (12) is a function of the unknown constant (scalar) φ, it can be minimized with respect to φ and, subsequently, the optimum value of φ is obtained as
From (19), substituting the value of φ opt in (12), we get the optimum mean square error of the estimator T as
Further substituting the values from (13)- (15) 
Optimum Replacement Strategy of the Estimator T
The optimum mean square error M(T) opt in (22) is a function on µ, the fraction of the sample to be drawn afresh at the second occasion. It is an important factor in reducing the cost of the survey, therefore, to determine the optimum value of µ so that Y̅ may be estimated with maximum precision and minimum cost. We thus minimize M(T) opt with respect to µ which results in a quadratic equation in µ, which is shown as 
Efficiency Comparison
The percent relative efficiencies of the estimator T with respect to (i) the sample mean estimator y ̅ n when there is no matching and ( 
Empirical Study
The expression of the optimum μ (i.e., μ 0 ) and the percent relative efficiencies E 1 and E 2 are in terms of population correlation coefficients. Therefore, the values of μ 0 , E 1 , and E 2 have been computed for different choices of positive correlations, while the value of f (= n/N) (sampling fraction) is chosen to be 0.1. For empirical studies, cases of p = 2 and 3 have been considered.
Case 1
For p = 2 and assuming that the two auxiliary variables are correlated, i.e., 
Substituting these values in (24) and (25) Tables 1-2 show the optimum values of μ (i.e., μ 0 ) and percent relative efficiencies E 1 and E 2 of the estimator T (under optimal condition) with respect to y ̅ n and Ŷ , respectively.
Case 2
For p = 2 and assuming that the two auxiliary variables are uncorrelated, i.e., A take the form 
Using these values in (26) and (27), the optimum values of μ, E 1 , and E 2 are shown in Table 3 . 
Note: "*" indicates μ 0 does not exists and "--" indicates no gain. 4. For p = 3 and when the three auxiliary variables are mutually correlated, we observed that no specific pattern is seen as for so many combinations of correlations the optimum values of μ 0 do not exist. This behavior suggests that the correlation between the auxiliary variable do not play a significant role in terms of the proposed estimator.
5. It could be seen that the results are more appreciable for one and two auxiliary variables, while when the number of auxiliary variables increases, the expressions become complex due to the increase in the number of correlations. Hence, practically, it is more realistic to use two auxiliary variables out of several available auxiliary variables.
